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fore only produces circular reflections 1 0 as indicated 
in Figure 2. 

As can be seen from the illustration of Figure 3, the 
reflections of a carbon -fib re composite system ex- 
5 amined may, for example, assume the positions 

reproduced in this figure. In this case, i t is a qu estion of 
t he so-cal led 002 reflections of the carbon with 
different fibres arid'angu^l'ar dffe^^ a composite 

system and of the halo of the resin surrounding the 
10 fibres. The spacing b of two adjacent graphite lattice 
planes 002 of a cornpqs^te system isTelited to the 
ref I ect i p n d ista n ces f ro m t h e ze ro po i n t, w h ic h i n f i rs t 
approximation are reciprocal to the spacing b of the 
lattice planes,that is to say they are reproduced with a 
spacing i on an X-ray diagram. Tn "the illustration 
shown in Figure 3, the reflections with the index 0 
indicate fibres which lie in the verticals of the drawing 
plane. Reflections with the index 1 , that is to say b i on 
the other hand, indicate fibres which are orientated 
perpendicular thereto. 

In the case of these reflections, the position of the 
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reflections may also fluctuate by ± 5^. The reflections 
with the index 2, that is to say b 2. indicate fibre 
orientations in the diagonal direct:cn. 2y indicates the 

25 half Width of the reflections in the tangential direcaon. 
It is a measure of the quality of the parallel orientation 
of the microparacrystals in th fibre direction and 
depends on the structure of a fibre! (individual fibre) 
and on the quality of the shift of the rod. jj indicates 

30 the position of the resin without any orientation 
direction. 

It's BfiL5aibie^ta.dra vv co^^^ ^ jo ns a bou t the natu re , of . 
the fibre orientation in a structural member of 
composite materials examined, from the position of 

35 the reflections. In this case, the tangentia[ half:yyidth 
(half angle y) of the b reflections is a measure of the 
quality of the fibre windings, thus a measure of the 
d eg ree of o ri e nt a t ip n of the co rres p o n d i n g f i b res . 
During the examination of fibre-reinforced compo- 

40 site materials, the following measuring effects can be 
found as well as the results which can be derived 
therefrom. 



Measurement 



i Intensity of the 



reflection 



Effect caused by Svldence of 



Nunber of 
lattice planes 
(microparacrystrals ) 
in the test piece 
(proportional) 



iTuciber of fibres per 
Linit of area dependent 
on type of fibre 



2 ^ngle of the 
reflection to 
an axis of 
aymaetry of the 
test piece 


Position of the 
noma Is of the 
lattice planes to 
the fibre axis 


Position of the fibre 
direction to the axis 
of synmetry of the 
test piece (winding 
direction) 


3 .4.zlDuthal 

width of the 
reflection - 


Scattering of the 
position of the 
lattice planes 


Orientation of the 
fibres 


^ Radial spacing 
of the 
reflections 


Lattice plane 
spacing 


Type of aatarlal 
(aorts of fibre) 
internal stress, 
purity 


5 Radial width 
of reflection 


Paracrystalllne 
disturbances and 
size of the oicro- 
paracrystals 


Impurities; density 
of internal surfaces, 
necbanlcal stability 


6 Halo of 
metallic 
coatings 
(aluminiuni) 


RandoDly distribu- 
ted lattice planes 
of va[JOUr-depo8itad 
crystals 


Thicknosa of layer 
and purity of the 
protective coatingw 


7 Halo of the 
sorts of 
reein 


Handon aasses of 
molecules ' 


Genuineness of the 
sorts of resin + typo 



As the following illustrations show, various state- 
ments with regard to the test pieces examined can be 
made using this measuring technique. Thus Figure 4, 
for example, shows a halo which can be interpreted 
5 as an index of a resin system without fibres. The spot 
in the middle of the halo and the interruption of the 
halo result from the lead diaphragm to mask the 
primary X-ray. 

Figure 5 shows the reflections of a fibre-reinforced 
10 composite system and the orientation of the fibres on 
the basis of the reflections reproduced. 

Figure 6 likewise shows reflections of a fibre- 
reinforced composite system examined, with fibres 
orientated in a plurality of directions. 
1 5 The method according to the invention therefore 
enables fibre-reinforced composite materials to be 
examined non-destructively by means of X-rays and 
enables the results of the examination to be inter- 
preted satisfactorily. In this case, a source having a 
20 plurality of ray exit windows may be used for the 
X-ray source, and the ray exit windows for the 
primary rays and the reflections may have different 
diaphragm shapes (triangle, circle, star, square, etc) 
adapted to the composite pattern in each case. An 
25 X-rayfilm may be used as the detector with the 
possibility of masking certain reflections or parts of 
reflections by diaph rag ms for checking purposes.. 
Electronic and/or scintillation counters provided with 
preceding special diaphragms and able to be posi- 
30 t i o n e d a p p f o p ri a te I y m ay be used , vy 1 1 h r.^cg rd i p g 
devices, as detectors. Th es e s p e c i a I d i ap h ra g m s may 
also be aligned, in the direction of the bundles of ^ 
fibres, for example in the form of slits, jn order to 
acJiLeye greatenn^^^ is alsbpossible, howev- 

35 er, to p rovide th e detecto rs wh ich can be pos iti oned 
with automatic focussing devices to align the detec- 
tors in positiorts of maximum X-ray intensity. 

In anotherforni of embodiment, the test pjece and 
theTdetector system may be napyed in relation to one 
40 another while in a further for nr» of ernbqdinnent a te_st 
piece consisting of com^osite ro.ate con- 
veyed^past a stati priarY detector prfilm^ using, a 
stationary X-ray source in ocdec to test the totaj 
quality of the test piece^ . 
45 " When the m^ according to the invention is 
used for tubular test pieces, these may be rotated 
continuously about their longitudinal axis in order to 
test the uniform coverage of the wound composite 
fibres as to their cross-sections and/or their total 
50 number. In this case, the tubular test pieces may be 
moved past a stationary detector with a helical and/or 
meandering movement, the X-ray tube being situ- 
ated at one side and the detector at the other side of 
the test piece. In the case of an X-ray tube constructed 
55 in rod form, it is also possible to dispose this inside a 
tubular test piece. 

The evaluation of the measurements can be 
affected in continuous operation by simultaneous 
measurement of a plurality of, but at least two, 
60 reflections in an electronic differential circuit. In this 
case, it is also possible to record two base reflections 
(002) of a carbon fibreor of a polymer fibre using a 
narrower and a v^/ider diaphragm in a differential 
connection and to regard the difference in width 
65 resulting parallel to the fibre as information regarding 
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the quality of the degree of orientation of the 
microparacrystals inside a fibre strand. In this con- 
nection, the difference in width of the diaphragms . 
may be perpendicular to the fibre direction of the test 
70 piece and provide information about the size and 
lattice imperfections of the microparacrystals of the 
fibres. Two reflections of different fibre strands 
detected in a differential circuit may also count as 
information with regard to the constancy of the fibre 
75 thickness or fibre strength on the basis of the mass of 
the microparacrystals in each thread cross-section. 

Apartfrom evaluating thefibre thicknesses, the 
fibre direction and laying quality, it is also possible to 
record the proportion of randomly distributed mole- 
80 cules, particularly of fillers or binders, by a stationary 
measurement with an X-ray film or by adjustment of 
the counting apparatus used to the halo in question 
and to carry out an evaluation, forexample by means 
of photometric evaluation. By this means, it is also 
85 possible to obtain information aboutthequality of the 
filler, for example resin. 

In a further development of the invention, it is also 
possible to replace the recording device by an alarm 
device which releases a signal when a tolerance value 
90 of the measured quantities or differential quantities is 
exceeded. The alarm device may also have a device 
for position marking associated with it in orderto 
mark the positions on the test piece at which the 
alarm is activated during continuous checking. 
95 The method according to the invention has a 

special application to composite fibre materials but it 
can also be used for testing vehicle tyres, particulariy 
for testing the tyre carcases. 
CLAIMS 

1 00 1 • A method of non-destructive testing of structu- 
ral members of fibre-reinforced composite materials 
by monochromatic X-ray examination and detector 
image-formation, wherein the method comprises 
examining the structure by X-ray microstructure 

105 examination and determining the variation in the 
position and form of the X-rays scattered in image- 
formable reflections by the polycrystalline material 
as a measure of variations and internal stresses of the 
test piece. 

110 2. Amethodasclaimed in Claim 1, wherein an 
X-ray source is used having a plurality of ray exit 
windows and the ray exit windows for the primary 
rays and the reflections have different diaphragm 
shapes adapted to the composite pattern in each 

n5 case. 

3. A method as claimed in Claim 2, wherein the 
shape of the diaphragms are triangular, circular, star 
shaped orsquare. 

4. Amethodasclaimed in Claim 1, 2 or 3, wherein 
120 an X-ray film is used as the detector and diaphragms 

are used to mask certain reflections or parts of 
reflections for checking purposes. 

5. Amethodasclaimed in Claim 1, 2 or 3, wherein 
detectors are used which comprise electronic and/or 

125 scintillationcounters, which can be appropriately 
positioned, have special preceding diaphragms and 
have recording devices associated therewith. 

G. A method as claimed in Claim 5, wherein the 
special diaphragms are aligned in the di.-ection of the 

1 30 bundles of fibres in order to achieve greater intensi- 
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ties, 

7. A method as claimed in Claim 6, wherein the 
special diaphragms are in the form of slits. 

8. A method as claimed in any one of the Claims 1 
5 to 7, wherein detectors which can be variably 

positioned are used, the detectors having automatic 
focussing devices for aligning the detectors in 
positions of maximum X-ray intensity. 

9. A method as claimed in Claim 8, wherein a test 
1 0 piece comprising composite material is moved rela- 
tive to a detector or film associated with an X-ray 
source, fortesting the quality of the whole object. 

10. A method as claimed in Claim 9, wherein the 
test piece is conveyed past a stationary detector or 

1 5 film and associated stationary X-ray source. 

11. A method as claimed in any one of Claims 1 to 
9, wherein the test-piece and detector system are 
moved continuously. 

12. A method as claimed in anyone of Claims 1 to 
20 9r wherein tubular test-pieces are rotated continuous- 
ly about a longitudinal axis to test the uniform 
coverage of the wound composite fibres as to their 
cross-section and/ortheirtotal number. 

13. A method as claimed in any one of Claims 1 to 
25 12, wherein a tubular test piece is moved past the 

stationary detector with a helical and/or meandering 
movement and the X-ray tube is situated at one side 
of the test piece and the detector is situated at the 
other side of the test piece. 
30 14. A method as claimed in Claim 12 or 13, 

wherein the X-ray tube is rod-shaped and is disposed 
insidethetubulartest piece. 

15. A method as claimed in any one of Claims 1 to 
14, wherein a plurality of reflections are measured 

35 and evaluated simultaneously in an electronic dif- 
ferential circuit, in continuous operation. 

16. Amethodasclaimedinanyoneof Claims 1 to 

14, wherein two base reflections (002) of a carbon 
fibre ortwo base reflections (1 10,200) of a polymer 

40 fibre are recorded with narrower and wider di- 
aphragms in a differential connection whereby the 
difference in width existing parallel to the fibre 
provides information concerning the quality of the 
degree of orientation of the microparacrystals inside 

45 a fibre strand. 

17. A method as claimed in any one of Claims 1 to 

15, wherein two base reflections (002) of a carbon 
fibre orthe base reflections (1 1 0,200) of a polymer 
fibre are recorded with two diaphragms, one of which 

50 is narrower and the other of which is wider perpen- 
dicular to the fibre direction, in a differential connec- 
tion whereby the difference in width provides in- 
formation regarding the size and lattice imperfec- 
tions of the microparacrystals of the fibres. 

55 18. A method as claimed in any one of Claims 1 to 

1 6, wherein two reflections of different fibre strands 
det-cted in a differential circuit provide information 
with regard to the constancy of the fibre thickness or 
fibre strength on the basis of the mass of the 

60 microparacrystals in each thread cross-section. 

19. A method as claimed in any one of Claims 1 to 
16, wherein th 3 proportion of randomly distributed 
m.olecules, such as fillers or binders is recorded by 
stationary measurement with X-ray fiim or by adjust- 

35 ing a counting apparatus to the halo in question and 



an evaluation which can be carried out by means of 
photo-metric evaluation renders possible a state- 
ment of quality of the particularfille.- binder etc. 

20. A method as claimed in any one of Claims 1 to 
70 1 9, wherein the recording device is replaced by an 

alarm device which produces a signal when a 
tolerance value of the measured quantities or dif- 
ferential quantities is exceeded. 

21 . A method as claimed in Claim 1 9, wherein the 
75 alarm device has a device for position marking 

associated with itinorderto mark the positions on 
the text piece at which the alarm was activated during 
continuous checking, 

22. A method of non-destructive testing of 

80 structural members of fibre reinforced composite 
materialssubstantially as described herein with 
reference to the drawings. 

Prineed in the United Kingdom for Her Majesty's Stationery Office. 8818935, 
7/36 18936. Published at the Patent Office, 25 Southampton Buildings, 
London WC2A tAY, from which copies may be obtained. 



